In recent years, DBpedia, Freebase, OpenCyc, Wikidata, and YAGO have been published as noteworthy large, cross-domain, and freely available knowledge graphs. Although extensively in use, these knowledge graphs are hard to compare against each other in a given setting. Thus, it is a challenge for researchers and developers to pick the best knowledge graph for their individual needs. In our recent survey [2], we devised and applied data quality criteria to the above-mentioned knowledge graphs. Furthermore, we proposed a framework for finding the most suitable knowledge graph for a given setting. With this paper we intend to ease the access to our indepth survey by presenting simplified rules that map individual data quality requirements to specific knowledge graphs. However, this paper does not intend to replace the decision-support framework introduced in [2] . For an informed decision on which KG is best for you we still refer to our in-depth survey.
INTRODUCTION
Did you ever have to make a quick decision on which publicly available knowledge graph (KG) to use for a given task? This paper provides you with a list of simplified rules of thumb which recommend a KG given individual data quality requirements. In order to generate such rules a systematic overview of KGs is needed, similar to the "Michelin guide to knowledge representation" [3] . We laid this groundwork in our previous article [2] where we provide an in-depth analysis of KGs and propose an extensive KG recommendation framework. There, we limited ourselves to the KGs DBpedia, Freebase, OpenCyc, Wikidata, and YAGO, 1 as they are freely accessible and freely usable from within the Linked Open Data (LOD) cloud, and as they cover general knowledge, not selected domains only. Both aspects make these KGs widely applicable. 2 This paper intends to provide a simplified summary of our indepth analysis in [2] . This includes (i) an overview how data quality can be measured when it comes to KGs (see Section 2 concerning data quality criteria for KGs) and (ii) a crisp overview of the KGs DBpedia, Freebase, OpenCyc, Wikidata, and YAGO using key statistics (see Section 3).
Moreover, in our survey [2] , we applied the developed data quality criteria to these KGs. Based on those previous findings and at the risk of oversimplification, we created rules of thumbs in the form "Pick KG X if requirement Y holds" (see Section 4) for this paper. While these help to get a rough idea which KG might be best for you, we still recommend to use our full KG recommendation framework for making thorough decisions. This framework is outlined in Section 5 and presented in detail in [2] .
DATA QUALITY CRITERIA FOR KNOWLEDGE GRAPHS
Based on existing works on data quality in general (see, in particular, the data quality evaluation framework of Wang et al. [4] ) and on data quality of Linked Data in particular (see [1] and [5] ), we define 11 data quality dimensions for assessing KGs:
Each of the dimensions is a perspective how data quality can be viewed, and each dimension is associated with one or several data quality criteria (e.g., "semantic validity of triples"), which specify different aspects of the data quality dimension. In order to measure the degree to which a certain data quality criterion (and, hence, data quality dimension) is fulfilled for a given KG, each criterion is formalized and expressed in terms of a function, which we call the data quality metric. In case of the criterion "semantic validity of triples", this metric could be the degree to which all considered statements are semantically correct (assuming that all entities and relations are both in the KG and in a ground truth). The values of all data quality metrics, weighted by the user, can then be used for judging the KGs for a concrete setting (see Section 4 and Section 5).
KEY STATISTICS OF KNOWLEDGE GRAPHS
We statistically compare the RDF KGs DBpedia, Freebase, OpenCyc, Wikidata, and YAGO (cf. Table 1 ) and present here our essential findings:
(1) Triples: All considered KGs are very large. Freebase is the largest KG in terms of number of triples, while OpenCyc is unique subjects among the KGs and also the highest ratio of the number of unique subjects to the number of unique objects. This is due to the fact that N-Quad representations need to be expressed via intermedium nodes and that YAGO is concentrated on classes which are linked by entities and other classes, but which do not provide outlinks. DBpedia exhibits more unique objects than unique subjects, since it contains many owl:sameAs statements to external entities.
APPLYING DATA QUALITY METRICS TO KNOWLEDGE GRAPHS
When applying our proposed data quality metrics to the considered KGs, first of all we obtain scores for each KG with regard to the different data quality metrics. These metrics, each corresponding to a data quality criterion, can be grouped by data quality dimensions. Figure 1 shows the scores of all data quality dimensions for each KG, each calculated as average over the corresponding data quality metric values. We also explore in more detail the reasons for the obtained values and refer in this regard to our article [2] .
In the following, we use the identified KG characteristics to give some general advice when to use which KG. Note that this list of items only highlights some selected features of the respective KGs. Note also that this list is meant to serve as a rough orientation instead of a thorough recommendation. For a more nuanced discussion and selection advice see Section 5 and our main article [2] . Pick DBpedia...
• if Wikipedia's infoboxes should be exploited explicitly;
• if relations should be covered well, not so much classes;
• if predicates should on average be very frequently used by all instances; • if descriptive URIs are desired;
• if n-ary relations are to some degree acceptable;
• if external vocabulary should be used to a high degree;
• if rather classes than relations should have equivalent-statements to entries in other data sources; Figure 1 : Results of our data quality assessment, gained by averaging the corresponding data quality metric scores for each data quality dimension.
• if many instances should have owl:sameAs links to entries in other data sources besides Wikipedia; • if it is not that important whether linked RDF documents are not accessible any more;
Pick Freebase...
• if the possibility to store unknown and empty values should be given; • if classes may belong to various domains;
• if predicates should on average be very frequently used by all instances; • if the period in which statements are valid need to be represented; • if the modification date of statements need to be kept;
• if labels should be available in hundreds of languages;
• if n-ary relations are acceptable;
• if a SPARQL endpoint is not needed;
• if no content negotiation during HTTP dereferencing is needed;
Pick OpenCyc...
• if especially the representation of classes is important;
• if descriptive URIs are desired;
• if classes should have owl:equivalentClass-relations;
• if no content negotiation during HTTP dereferencing is needed; • if no HTML representations of KG resoures are needed;
• if many existing instances and classes should have owl:sameAslinks; • if it is not that important whether linked RDF documents are not accessible any more;
Pick Wikidata...
• if incorrect or missing information should be correctable by the community; • if the source information per statement is important; • if it should be possible to model unknown and empty values;
Step 1: Requirement Analysis
• Identifying the preselection criteria • Assigning a weight to each data quality criterion
↓
Step 2: Preselection based on the Preselection Criteria • Manually selecting the KGs that fulfill the preselection criteria
Step 3: Quantitative Assessment of the KGs • Calculating the data quality metric for each data quality criterion • Calculating the fulfillment degree for each KG, thereby determining the KG with the highest fulfillment degree
Step 4 Our framework for recommending the most suitable knowledge graph for a given setting.
• if the KG should support a ranking of statements;
• if a complete schema (covering all general domains) is important; • if not only well-known, but also unknown entities should be represented; • if the KG data should be continuously editable and queryable;
• if the period in which statements are valid need to be represented; • if labels should be available in hundreds of languages;
• if especially non-English labels are needed;
• if owl:equivalentClass-statements to external classes and relations are not that important; • if instances should be interlinked to DBpedia; Pick YAGO...
• if syntactic incorrectness in date values due to wildcard usage is acceptable; • if the source information per statement is important;
• if classes should be linked to WordNet synsets; • if the period in which statements are valid need to be represented; • if labels should be available in hundreds of languages;
• if instances should be interlinked to DBpedia;
OUR KNOWLEDGE GRAPH RECOMMENDATION FRAMEWORK
The rule of thumbs presented in the previous section can be considered as simplified heuristics on when to use which KG. In cases in which a more profound investigation concerning the KG choice is indispensable, we can refer to the KG recommendation framework outlined in our survey [2] . The usage of this framework can be summarized as follows: Given a set of KGs, any person interested in using KGs can use our recommendation framework as shown in Figure 2 . In Step 1, the pre-selection criteria regarding KGs and the weights for the single metrics are specified. The pre-selection criteria can be data quality criteria or other criteria and need to be selected based on the use case. The timeliness frequency, i.e., how often the KG is updated, is an example for a data quality criterion. The license under which a KG is provided (e.g., CC0 license) is an example for a general criterion. After weighting the criteria, in Step 2 the KGs which do not fulfill the pre-selection criteria are neglected. In Step 3, the fulfillment degrees of the remaining KGs are calculated and the KG with the highest fulfillment degree is selected. Finally, in Step 4 the result can be assessed with regard to qualitative aspects (besides the quantitative assessment performed by means of the data quality metrics) and, if necessary, an alternative KG can be selected for the given scenario. An example how to use the framework for a concrete use case is given in our article [2] .
CONCLUSION
In this paper, we presented a summary of our work on the data quality of the knowledge graphs DBpedia, Freebase, OpenCyc, Wikidata, and YAGO [2] . On top of that, we provided simplified rules of thumb on when to use which knowledge graph in a given setting. With these guidelines, you can quickly get a rough idea what the best KGs for your requirements might be.
